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LIQUEFACTION OF DRY MILLED STARCH GRAIN SLURRIES 



p fTRrn OF THE INVENTION 

The present invention relates to the liquefaction of grain starch in the 
production of dextrose, fructose, alcohol and the like at pH's less than 6 
using alpha amylase. It also relates particularly to the addition of an 
antioxidant to the process to reduce liquefaction time and consistently 
achieve adequate liquefaction at below pH 6. 

farKBRPOND INFORMATION 

Grains such as corn have long been used as a source of starch. One of the 
classic methods of separating the starch and then vising it in other 
industrial processes is the wet-milling process. This method is a highly 
specific and integrated system developed to separate the major components of 
a grain kernel as completely as possible (see Stanley A. Watson, Starch; 
chemistry & Technology . Vol. n, Ttvftista-ial Aspects. Academic press, New 
York, 1967, pp 30-51) . A final granular starch slurry coming out of the wet 
milling process can be used in a variety of industrial processes. 

One of the most important processes is the conversion of starch to high 
fructose syrup. In practice, this conversion involves four major steps; 
namely liquefaction of granular starch slurry, saccharification of the 
liquified starch into dextrose, purification, and then isomerizatian of 
dextrose into fructose. The most common grain used in this process is com 
in the production of high fructose corn syrup (See N.H. Aschengreen, et al, 
Starch, Vol. 31, pp 64-66 (1979)) . During the four step conversion to 
fructose, it is currently necessary that the granular starch slurry is 
varied widely in pH. The pH of the slurry coming out of the commercial wet- 
milling operation is about 4, then raised to a pH of from 6-6.4, and calcium 
is added along with enzyme. For saccharification of the starch the pH is 
lowered to 4.3-4.5 and for the final isomerization the pH is increased back 
9 to about 7.8. The result of these wide shifts in pH is a high ion exchange 

requirement to desalt the syrup during and after processing. Furthermore, 
high pH causes byproduct formation, sugar breakdown, color formation, and an 
overall decrease in product yield. These factors add millions of dollars 
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ama ^ Y . ™rv efficient due to current processing 

isonerizatim process is currently very 611101 

end tb* short processing. «eordu*y, it 
^^efection step =ouM be carried oat at lc^ rH's to obviate the 
^Lf^TrTshlft in o=-eroiel processes. It is possible to perform 

less . .see e. g . U.S. *tent «.«^» ' ~ 
^efaotim Is scettoss una-piainably incase 

^.aU-doant "self ite has been — » Repast es 

r^Ze* of starch starry tt* Is addsi durto, ste^rog 
^J^tnen^reof^f^tdcn. It is no-lly r-ov* with 

the steep liquor. 

source of starch Is froa the dry »^ » ^ *f _ 

™ process the grain is ground and iio^c±ion can be carried cn vath 
^Ts^ration of individual consents of the tomel M*, 
^ orX (see e.g. flgr O ^^^f * 
^^apell, corn Dry Milling Products and implications). ^ addition to 

the conversion of starch to alcohol. *his process *~ f*"^ 

Zm* tt. .illei grain or fractions therefrom into alccbol* l^ctxon 
of the starch in the dry products after addition of water, and^ 
generally a combined or simultaneous saocharif ication of tiie starch into 
glucose and fermentation of the glucose into alcohol. 

0*e natural rfl of the starch slurry of about 5 is adjusted upward «ith 
a^orcarLatetoapHof6. 2 =6.4forli^efaction. After lx*uef actim 
thepH is adjusted downward by addition of acid or "backset" from previous 
fermentations, ihere are disadvantages to use of "backset" such as 
iitooduction of microbial contaminants into the fermentation. 

Ttm utility of the process of the invention is to rednce the need f or pH 
adjustment on the up side and down side. 

SQMMMBf ™ fflfi TtWENTICN 

one method of liquefying a dry milled grain slurry at a pH of about 4 to 
leS s tfcan 6 comprising, (a) adding at least about 8 liguefons of alpha 
amylase per gram of starch to the slurry; (b) adding an effective amount of 
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an antioxidant to the sluny to allow liquefaction; (c) reacting the slurry 
for the appropriate time and temperature to liquefy the starch. 



rrarAHED nESCRipnow of the invention 

It has been discovered that when alpha amylase is added to a granular starch 
slurry at pH's less than 6 in the presence of at least about 5 mM of an 
antioxidant, a satisfactory liquefaction can be achieved. 

As used herein "granular starch slurry" refers to any of the various edible 
grains which have been wet milled and water added to produce a starch slurry 
("dry milled grain slurry" refers to any of the same grains which have been 
dry ground into grits, flour, meal, etc. , and water added to produce a 
slurry). Examples of edible starch containing grains include corn, wheat, 
milo and the like. Typically, the dry starch component is roughly between 
about 25% and 40% on a weight basis of the slurry with the examples herein 
adjusted to 35% starch. 

The enzyme used herein for addition to the slurry is alpha amylase. Alpha 
amylase is an endo-amylolytic enzyme capable of promoting random cleavage of 
a -1,4 glucosidic bonds within the starch molecule and is produced by a 
number of types of microorganisms such as members of Bacillus and 
Aspergillus. Especially preferred are alpha amylase enzymes derived from 
■Bacillus lichenif ormis . B^. subtilis and B. stearoth ernoohilus. Enzyme 
activity is measured in a unit called the liquefon. In the practice of the 
invention, at least about 8 liquefons of alpha amylase activity are used per 
dry gram of starch present in the slurry. Typically the amount is from 
about 10-20 liguefons/g, preferably 12-14 liquefons/g, althoucfr where a 
faster result is desired, more alpha amylase may be ad ded . 

Antioxidants are a well known class of compounds (see e.g. Kirk & Othmer 3rd 
Edition, Vol. 3 "Antioxidants and Antiozonants") , and enjoy use in a wide 
variety of products including rubber, plastics, foodstuffs, animal feed, 
etc. Until now, however, they have not been used to control useful pH in 
the liquefaction of starch. Important types include amines, phenols, 
phosphites, sulfides, metal salts of dithioacids, etc. Major antioxidants 
known to be suitable far food use include ascorbic acid, sodium ascorbate, 
calcium ascorbate, ascorbyl palmitate, BHA, BHT, erythorbic acid, propionic 
acid, dilauryl thiodipropionate, TBHQ and a host of others. With concern in 
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today's entfiroraisnt about additives in foal there is a constant atta^i at 
^™^^ adiaaIIts . preferred arMorfd^ in thUaa*^ 

ascarto te, BE, s^-tniDdiprcjunnic add and the lite. 

anticaddants »ould not b* acceptable, however. 
Si* those *ich axe i^tiMa vdth alrt.a awOaee. 5his couldbs 

direct inhibition of «. en^e, 'T^S * 

^er^ tar the antioxidant. One sldlled in the art «ould be able to 

anticiddsnts ^ be r^atibXe, 
least, run a sanpl£ test such as in Ejsnple s to determine vhidi ones act 

this way. 

^Oue liquefaction may be ca33ried out in a one^stage or oofl^/entional ^^^f^^tvve 
^eT^n a Lc-stage process alpha amylase is added to a slurry, andthe 
^is first held at 100-105'C for a period of about 2^0 ™*^J°*> 
tJtLparatnre is reduced to about 90-100° C and held up to 120 -motes, 
preferably no greater than 90 minutes. 

Starch Uquefaction processes are generally 

^to^heatstahnitytotheex^ne. Various alpha amylases have 
differing heat stabilities and so somewhere between 20 ppm and 200 ppm is 
added Calcium in the form of line has frequently been used for this 
purpose therein it also serves to help adjust pH levels upward from 
SSS lor PH of the fresh starch slurry, in general it is desirable that 
calcium levels be under 100 ppm, due in part to incompatibility to the 
doKnstream isolation process and demands in ion-exchange refining. 

^present invention ^intains the reaction at a pH of less than 6 to about 
4.5 du^liguefaction. Ohe preferred pH is as dose to 4.5 as poss*le 
but preferably about 4.5=5.2. Calcium confounds, e.g. lime or calcaum 
carbonate/ are commonly used to adjust t2ie pH upward ^^.' I ^^^ us ^ 
^ granular staroh during ligj^facticn. otto compounds used to adjust tie 
pH upward include sodiumhydtod.de and sodium carbonate. 

m the practice of the invention a key unobvious and novel aspect of the 
liquefaction process taught herein is the addition of an effective amount 
at least 5 m of antioxidant, preferably from about 10 mH to about 
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80 hM, more preferably from about 20 mM to about 40 nM. As mentioned above, 
normally enou#i buffer is ati c^ to adjust the pH up from 4 to the desired pH 
less than 6, preferably around 5, or as low as possible. Die applicants 
have found that the antio xidan t allows complete liquefaction in reasonable 
periods of time at lower pH values oanpared with those processes without 
antioxidant. 

Die result of using the process herein in the presence of antioxidant is 
that we gain two-fold, namely/ the process can be carried out at a lower pH 
than would otherwise be possible per given time. Further, the resultant 
slurry will have little or no raw starch remaining with a Dextrose 
Equivalent (EE) of about 10 or less. 

Hie following examples are representative of the invention. One skilled in 
the art would be able to substitute conditions, wet or dry milled grains, 
temperatures, enzymes, antioxidant sources and the like and are intended 
only . as instructive as well as representative of best mode. 

EXAMPLE 1 

Alpha Amylase Activity Determination 
Hie sanple illustrates a method for the determination of alpha-amylase 
activity. 

Die determination of alpha-amylase activity is based upon the ability of 
native starch to form a blue colored canplex with iodine, and the 
disappearance of this color when starch is hydrolyzed into shorter dextrin 
molecules. Bie alpha amylase activity was defined in terms of the digestion 
time required to produce a color change denoting a definite state of 
dextxinatian of the starch. 

REAGENTS 

Phosphate buffer - Sodium hydroxide (25.3 g) and potassium dihydrogen 
phosphate (340 g) were dissolved in water and diluted to approximately 
2 liters. The buffer was cooled to room temperature and the pH 
adjusted to 6.2 ± 0.1. The buffer was diluted to 2 liters in a 
volumetric flask. 

Starch substrate - Ten grams (dry substance) of soluble Lintner Starch 
were suspended in 50 ml of water and washed into approximately 300 ml 
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-^tr 

;^ a re iuf£ er were added. --Wd— U— * 
aater. Bm starch substrate was eade fresh daily. 

« icato scdrflm - Mk. crsstals (5.5 « and 

^0 fl were dls*»lvad in water and voJ-atricelly MM to 250 1. 

Eie solution was kept from light. 

na^te ioad^s solution - **assium iodide (20 g) and 2 A of stock 
^ solution were dissolve! in water aM dW volumetrocally to 
500 ml. She solution was made fresh daily. 

diluting solution - calcium chloride (11. 1 g) was dissolved in 
4 li ter s of water.. 

Water ^ for all reagents was either distilled or deionized. 



O^stant temperature rath set at 30'C±0.2'C. Eellige ocanparator egjoipped 
^oat^uare tubes from «UJ» Ife. C and five milliliter autcatic 



tte unknown alpha amylase sample was diluted to 10-15 ID/ml (as defined 
below) with the enzyme diluting solution. For many commercial alpha amylase 
preparations a suitable dilution was found to be 2000. 

Five milliliter aliquots of dilute iodine solution were dispensed into 13 * 
100 mm test tubes and 10 ml of starch solution was placed in a 23 x 200 test 
tube and all tubes were attemperated in the 30'C water bath. 

^ milliliters of diluted enzyme solution (also at 30'C) were mised with 
the starch solution and timing was begun . At appropriate time intervals, 1 
ml aliquots of the hydrolyzing mixture were transferred to a test tuba 
obtaining the attemperated dilute iodine solution. One starch-iodine 
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solution was nixed and transferred to a 13 mm precision tube and the color 
was oanpared with the standard alpha amylase color disc in the Hellige 
comparator. When the time of the end point was approached, sanples were 
taken at 0.25 minute intervals. 

« rjhe time required for the colors of the samples and the color disc to match 

were recorded and the activity in Liquef ons per gram or ml was calculated 
according to the formula: 

IU/ml or HJ/g = 570 x D 
v x t 

Where IU « liquef on unit 

V « volume of sample (5 ml) 

t = dextrinizatian time (minutes) 

D = dilution factor = dilution volume/ml or g of added enzyme. 



EXAMPLE 2 
liquefaction Conditions. 
Determination of Licpiefipri Starch EE 

This sanple describes the process for the liquefaction of starch losing a jet 
codter. 

Starch liquefaction was typically performed using a Hydrohea ter M 103-M 
steam jet equipped with a 2.5 liter delay coil behind the mixing chamber and 
a terminal back pressure valve. Starch was fed to the jet by a Mqyno pump 
and steam was supplied by a 150 psi steam line, reduced to 90-100 psi. 
Itenperature probes were installed just after the Hydroheater jet and just 
before the back pressure valve. 

Starch slurry was typically obtained from a corn wet miller and used within 
two days. Hie starch was diluted to the desired solids level with deionized 
water and the pH of the starch was adjusted with 2% NaCH or saturated NajOO,. 
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.^pical liquefaction conditions were; 

ijiVl 32% - 35% solids 

g£g. 35 - «ip. (25 H« added) 

gphaa^lase " - U°ID/g star* dry basis 

^^intrcduerfi^thejetatab^oo^. ^i****^ 

„ held at 103-c - 105-C. saa^of star* were transferred fr- the Jet. 

^ to a 95-C second stage lipefaction bath and held for 90 adoutes. 



■» degree of starch ligoefaotion was measured i«diately after the 
^ii^ftction by d*er^*e dextrose e^^ m <* — 
^ . arf by testis for the preset of raw star*, both aooar**, to the 
desoribed in the Baatei W ll TWaP P rtiw * St ^ = W 

„| nmrtrn Tno.. sixth edition, eta*, when treated 

g.^rally under the oonditims given above end at jfl 6.0, will yield a 
jipetiai star* with a BE of aba* 10 and with no raw star*. 

T5KMPEE 3 

Effect of Bisulfite on EE of Starch 
liquifisd at pH 5.2 

ad. example denonstrates the effect on EE when liquefying cornstarch in the 
presence of bisulfite ion at lower than conventional pH. 

A. cornstarch slurry obtained from a com-wetadlling; plant was diluted to 35% 
dry solids with deionized water, and 30 ppm calcium ion was added as Cad,. 
SoepH of the slurry was adjusted to about 5.2 with 2.5% NaCH. Bisulfite 
Ion was added to aliquots as sodium inetabisulf its to provide levels of 5, 20 
ard 40 millimolar. Alpha amylase produced by a strain of Bacillus 

and available ccnmnercially as SEEZYMB 11 MH20 from Genencor 
mtematicnal, Inc. was added at a dosage of 12 liquef ons/gram starch dry 
basis. Bie pH was readjusted to 5.20 with 2.5% NaCH. 

8 
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The starch slurries which were maintained in suspension by overhead 
stirring, were introduced into a steam jet at 500 ml/min as described in 
Example 2. The jet tenperature was held at 103-105 °C by controlling the 
s team flow and maintaining back pressure at - 4 PSIG. Sanples of cooked 
starch were transferred from the jet cooker to a 95°C second stage 
liquefaction bath and held' for 90 minutes. 

The degree of starch liquefaction and presence of raw starch were measured 
immediately after the second stage as described in Exanple 2. The following 
Table illustrates the effect of bisulfite ion on development of EE. 
Satisfactory DE values and absence of raw starch were achieved at pH 5.2 at 
bisulfite levels greater than about 20 iriM. 

'EFFECT OF BISUITTTE ON STARCH UQUKt'ACTlCN AT pH 5.2 
Bisulfite level (Trim DE Paw Starch 

0 1.8 + 

5 6.7 + 

20 9,5 
40 11.0 

EXAMPLE 4 

Effect of Tune on EE Development at 
Various Bisulfite Co ncentra t ion s 

Biis exanple illustrates the rate of EE development during a 95°C second- 
stage liquefaction as a function of bisulfite concentratioai. Hie example 
further illustrates that surprisingly the bisulfite is acting to stabilize 
■* the alpha amylase by unknown mechanisms during the first stage liquefaction 

as evidenced by the DE values being essentially the same immediately after 
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to first sta,e bat rih parent rates of li^factim betas «*ataai 
a^tag tte second stage of liquefaction. 

Ii>Jle£actifln was carried o* ss assort ta Bsa^le 3 except the EE 
a.^tdnns^den. ^ 30, 60. 90 ^120^ of second 

U^e^s^ ^foUo^tanaeilJnstratest^IBaevelc^vithtta. 

second « J*p— d- *- «• * """^ 

aorta, first st^lieaefactta, Blsolfit. protests the enr^ so 

^^^^lsP^^" OT^lrt « ell * rt80tta, • 
effeot of bisulfite were to super^ctivate the e»y*e or to sosehew osuse 
star* to be More accessible* the enn-e, then the prtaary ffsot 

ta first ^ l*,,*^.* not in the seccrf stage. 

EEIBCr OF TfflE Off DE BE^EEDESSEaO? XT 
TORIBUS BIS0I5HE CCMCEITRHEIC. S 



Bisuifite concentration gQ 60 ^ 90 Min 12Q_ma 
^TfT 1 n« 1.5 1.8 2.2 



5 
20 



0.5 0.8 1«5 
0.5 2.5 4.5 6.7 9.2 
1.5 4.0 7.0 8.6 13.0 



Effect of Bisulfite on EE of 
Starch idqi.yfied at 4»5 

This example demonstrates lie effect an DE when liguefying cornstarch in the 

presence of bisulfite ion at a j* of. 4.5 - a fall 1.5 * units bale* 

conventional pH, and that the alpba-anylase is active at pH 4.5. 

& cornstarch slurry obtained from a corn=wel3nilling plant was diluted to 35% 
dry solids with deicnised water, and 30 ppn calcim was added as CaO,. The 
pH of the slurry was adjusted to about 4.5 with 2.5% NaCH. Bisulfite ion 
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was added as sodium metabisulfite to provide a level of 80 millimolar. 
Alpha amylase produced by a strain of Bacillus 1 ichenif ormis and available 
commercially as SFEZYMff* AA-20 from Genencor International, Inc. was added 
at a dosage of 16 liqueforas/gram starch dry basis. The pH was readjusted to 
4.50 with 2.5% NaOH or 5% HC1. 

The starch slurry which was maintained in suspension by overhead stirring, 
was introduced into a steam jet at 500 ml/min. as described in Example 2. 
The jet tenperature was held at 103-105 °C by controlling the steam flow and 
inaintaining back pressure at - 4 PSIG. A saitple of cooked starch was 
transferred from the jet cooker to a 95°C second stage liquefaction bath and 
held for 90 minutes. 

Tba degree of starch liquefaction and presence of raw starch were measured 
immediately after the second stage as described in Exanple 2. 

C ontr ol liquefactions were run in the same manner at pH's 4.5 and 5.2 with 
the exception that the 80 mM sodium bisulfite was omitted. The following 
table shows the unexpected benefit from added bisulfite even at a pH as low 
as 4.5. 



EE OF STARCH UQUEFTED AT pH 4-5 



Bisulfite Level 



DE 



Raw Starch 



0 



+ 



80 mM 



10.05 



0 (pH 5.2) 



2.0 



+ 
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ot ascoaate (a IE ot star* liquefied at ja 5.2 
gSiis aianpls demonstrates tile effect en BE i&en ltouefying cornstarch in tiie 
presenDB of ascorbate ton at tower tnan conventional fH. 

accn^siurry obtained fr« a «n»**^ 

„ ^ tfh detonizac water, and 30 v calci- ton - — ««•• 

ton .as added as ^ «=* to provide a concancratton of 40 
^ «. P* of tnesnrrr,.** adjusted to atout 5.2 wit, 2.5% Baa, 
Alpha anylase produced by a strain of Bacillus li^giifonQis. and available 

as SPEZKW JA-20 ft. G**ncor International,!*, was aMed at 
ad03 a^ of 12 li^aWgraa starch dry basis. ^ » was readjusted to 
5.20 with 2.5* NaCH or 5% Hd. & control slurry was prepared with** 
addition of ascorbateo 

tt. starch slurries, which were naintained in suspension by overhead 
stirri35g , «ere introduced into a steam jet at 500 mL^dn as described in 
Exan ple2. jet texture was held at 103-105'C by control!** the 
steamflowand maintaining bade pressure at 4 KIG. Sables of cooked 
M were transferred from the jet coo^r to a 95 -C second stage 
liquefaction bath and held for 90 minutes. 

B. degree of starch liquefaction and presence of raw starch vera measured 
****** after the second stage as desert in E^le 2. One following 
UU* illustrates the effect of ascorbate ion on developnent of EE. 
Satisfactory EE values and absence of raw starch were achieved at pH 5.2 at 
an ascorbate level of 40 uM. 
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EFFECT OF ASO0KBAIE STARCH IZQDEEACTICN AT pH 5.2 
Ascorbate Level (rm) _EE_ Saw Starch 

0 1.4 + 

40 10.5 

EXAMPLE 6A 

Effect Of Aspartate On EC Of Starch Liquefied At pH 5.1 
Is Ocnoentxaticn Dependent 

This example demonstrates the effect on DE when liquefying cornstarch in the 

presence of ascorbate ion at lower than conventional pH. 



A cornstarch slurry obtained from a cx>ni-^tmilling plant was diluted to 35% 
dry solids with deionized water, and 30 ppm calcium ion was added as CaCl 2 . 
Ascorbate ion was added to the starch slurry as sodium ascorbate to provide 
concentrations of 2.5, 10, and 30 millimolar. The pH of the slurry was 
adjusted to about 5.1 with 2.5% NaOH. Alpha amylase produced by a strain of 
Bacillus licheniformis and available commercially as SPEZYMEP AA-20 from 
Genencor International, Inc. was added at a dosage of 12 liquefons/gram 
. starch dry basis. The pH was readjusted to 5.1 with 2.5% NaOH or 6% HC1. A 
control slurry was prepared without addition of ascorbate. 

Ihe starch slurries, which were maintained in suspension by overhead 
stirring, were introduced into a steam jet at about 360 ml/min as described 
in Example 2. Ihe jet temperature was held at 105-107 °C by controlling the 
steam flow and maintaining back pressure at 4 psig. Samples of cooked 
starch were transferred from the jet cooker to a 95°C second stage 
liquefaction bath and held for 90 minutes. * - 
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5Sie degree of starch liquefaction 'was measured immediately after the second 
^as desert in « 2 . ^ foUowi^ mustrates t,e effect 

o.asco^teio.onde^opnentofnE. As the conoentraticn of ascorbate 
ion diseased, the development of DE increased. 

EEHCP QF ASCORHKEE OS SBRS EESJEEBCEKM ST pH 5d 

0 0 too thick to measure 

2.5 °' 3 + 

10.0 5 ' 7 * 

30.0 8 ° 6 

VXMPIE 7 

Eff ect Of EST On IE Of Stare* Liquefied At pH 5.2 
rQiis example demonstrates the effect on EE when liquefying cornstarch in the 
presence of Butylated Hyarox^luene (EST) at lower than conventional pH. 

A cornstarch slurry obtained from a csornrwetmilling plant was diluted to 35% 
^ solids with deionized water, and 30 ppm calcium ion was added as Cad,. 
EST was added to provide a concentration of 20 millimolar. One pH of the 
slurry was adjusted to about 5.2 with 2,5% NaCH. Alpha amylase produced by 
a strain of lac^s. lichenlf^ and available comnerciaUy as SEE^ 
^-20 from Genencor International, Inc. was added at a dosage of 12 
Xiquefons/gram starch dry basis. B» pH was readjusted to 5.20 with 2,5% 
KaCH or 5% HClo A control slurry was prepared without addition of HH*. 

^ e starch slurries, which maiirtained in susp^ion by overhead 
stirring, were intrcduced into a steam jet at 500 mlAun as described in 
Examples. *» jet temperature was held at 103-105'C by controlling the 
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steam flow and maintaining back pressure at 4 PSIG. Samples of cooked 
s ta rch were transferred from the jet cooker to a 95°C second stage 
liquefaction bath and held for 90 minutes, 

Die degree of starch liquefaction and presence of raw starch were measured 
immediately after the second stage as described in Example 2. The following 
Table illustrates the effect of EOT on development of EE. A higher DE- value 
and absence of raw starch were achieved at pH 5.2 at a BHT level of 20 hM. 



EFFECT OF BUT CN STARCH IXQUEEACnCN AT pH 5.2 
BHT Level (rM) DE Raw Starch 

0 3.1 + 

20 7.7 



EXAMPLE 8 

Effect Of 3,3 l -^Ihiaiiprcpianic Acid On Hie EE 
Of Starch Idquefjrrt At pH 5.1 

Shis exanple demonstrates the effect on DE when liquefying cornstarch in the 

presence of 3,3' -thiodiprqpionic acid at lower than conventional pH. 



A cornstarch slurry obtained from a corn-wetmilling plant was diluted to 35% 
dry solids with deionized water, and 30 ppm calcium ion was added as CaCl 2 . 
3 ,3 'Xlhiodiprcpionic acid was added to the starch slurry to provide a 
concentration of 40 millimolar. The pH of the slurry was adjusted to about 
pH 5,1 with 2.5% NaOH. Alpha airylase produced by a strain of Bacillus 
lidheniforrais - and available rarnraercially as SFEZYME* AA-20 from Genencor 
International, Inc. was added at a dosage of 12 liquefons/gram starch dry 
basis. A control slurry was prepared without addition of 3,3'- 
thiodiprqpionic acid. 
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B» starch scarries. «hich »ere eaintained to suspension * overhead 

«ere introduced i*> a — J* * — 6 360 " 
to « 2 . ^jette^^-heidatios-iov-c^cnntromngthe 

^ f ^aM-irtainin 3 backpre S sareat4 S ei9. Staples of ceoted 

« w transfer from the jet coo*er to a M-e eecond stage 

liquefaction hath ana held for 90 einutes. 

a*- of starch U^Bfactta »as eeaaured taediateXy after the seocrd 
^asdescxtoedlnE^a. ». MWb. TabXe illustretes the ef*ct 
of 3 ,3.-thiodW=nlc acid on development of B. Satisfactory IE values 
aad an ahsence of raw starch was achieve at a 3,3Maiodiprcpionic acid 
ocncentration of 40 sM. 



EETBCT OF 3,3'-0HIOl3rEK3EECWIC ACID 
Of SEKRCH IIQUKbACTlCN AT pH 5.1 

3,3'-^ooiprcpianic Acid paw starch 

fuTHfatnlwr. -fiS- 

0 Too thick to measure, EE<1 

40 9 - 9 



example 9 

lEneffectiveress Of Scne Antioxidants W^ 1 ^^ 2 ^, 
With Alpha Amylase On EE of Starch Liquefied At pH 5.2 

Bus example demonstrates the lade of an effect on DE when liojiefying 
ea^starch in the presence of propyl gallate or P ^nercaptoethanol at lower 
than conventional pBL 

A cornstarch slurry obtained from a com-wetmillincf plant was diluted to 35% 
dry solids with deionized water, and 30 ppm calcim im was added as CaC!*. 
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Propyl gallate was qHripri to the starch slimy to provide a concentration of 
20 millimolar or p -raercaptoettianol was a d ded to the starch slurry to provide 
a aancentration of 40 millirolar. The pH of the slurry was adjusted to 
about pH 5.2 with 2.5% NaGH. Alpha amylase produced by a strain of Bacillus 
lidheniforrois and available commercially as SEEZYMB" AA-20 from Genenoor 
International, Inc. was added at a dosage of 12 liquefans/gram starch dry 
basis. The pH was readjusted to 5.2 with 2.5% NaQH or 6% HCL. Control" 
slurries were prepared without addition of either propyl gallate or p - 
nercaptoethanol. 

The starch slurries, which were maintained in suspension by overhead 
stirring, were intr o du ced into a steam jet at about 500 ml/tain as described 
in Exanple 2. Die jet tenperature was held at 103-105 °C by controlling the 
steam flew and maintaining bade pressure at 4 psig. Samples of cooked 
starch were transferred from the jet cooker to a 95°C second stage 
liquefaction bath and held for 90 minutes. 

The degree of starch liquefaction was measured immediately after the second 
stage as described in Exairple 2. The following Table illustrates the effect 
of propyl gallate and P -mercaptoethanol on development of EE. Both propyl 
gallate and p -mercaptoethanol caused a decrease in DE development over the 
control reaction containing no added antioxidant. 

EFFECT OF PROPYL GALLATE OR p HMEI^CMTOEaHANQL 
CN STARCH LTQDEEACTICN NT pH 5.2 



Antioxidant Level _EE_ Raw Starch 

0 3.1 + 

20 uM Propyl Gallate 0.8 + 

0 6.1 + 

40 nM p -^fexcaptoethanol 3.6 + 
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TSffiMFTE 10 

to Bffect Of Bisulfite m * Of » * 

«U ^ da»strates teat tee eff*± - ■ — ****** ""^ 
„ tee pre*- of bismfite is dependent « the PS c£ tee lectio,. 

A camstardi slnny datainad from a carn-wsbuilling plant was diluted to 35% 
^^witedei^vater^O^c^ch-i-wasadd-asC^. 

Bisolfite ion was added as a*A to te. star* sbKry to provide 
^^^^.^of^lsanl^MUiBolar. n each bisuWite 

^ s . 9 , 5.5 or 5.1 with 2.5% llaCH. Mjfca awlase produced by a strain o£ 
^gjljijs ^i^£Di£2Sai£ and available oannercially as SIEKMff 1 AA-20 frail 
Gensicar Elbeniational# mc. was added at a dosage of 12 liquefcns/graa 
sta^dryb^ls. *e pH was raaijostai to the desired pH (5.9,5.5 c 5.1) 

_ . wn+ __ 1 slurrv ^ prepared at each pH without 
with 2.5% NaCH or 6% Hd. A control slurry was F"*— 

addition of bisulfite ion. 

B. starch amrries, White were saintained to suspension by overhead 
.ttaiag, were introduced Into a stem Jet at ««t 360 ^ as described 
toBJtl! , oheiette^raturevash^atlOS-lOT-Chyoontrolltagld.e 
st^fl^anlralntalnins bade pressure at 4 p^. sanies of ccd«d 
^ ^re traosfarred free the jet cooker to a 95-C second stage 
Uqoefaction bath end held tor 90 minutes. 

tte deg« of starch li*ef*±ion was mmn* i-edl^tsly efter the second 
stage es described in Exauple 2. •» foU«dng Table illustrates the effect 
of wsulfite ion on develop*** of EE. as the pH of the stardh slnrry 
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decreased from 5.9 to 5.1 the effect of bisulfite on DE of the liquefied 
starch increased. 

EFFECT OF BISULFITE CN STARCH IIGjOEFACTION 
AT pH 5.9, 5.5 CR 5.1 

Bisulfite Level (vM) rH DE Raw Starch 

0 5.9 9.5 

5 5.9 10.5 

15 5.9 11.0 

40 5.9 11.6 

0 5.5 4.5 + 

5 5.5 8.4 + 

15 5.5 11.6 

40 5.5 11.2 



0 
5 

15 
40 



5.1 
5.1 
5.1 
5.1 



<0.5 
4.6 
8.7 
9.2 



+ 
+ 
+ 



EXAMPLE 11 

The Effect Of Ascorbate On DE Of Liquefied Starch 
Is pH Dependent 

This example demonstrates that the effect an HE when liquefying cornstarch 
in the presence of ascorbate is dependent on the pH of the liquefaction. 

A cornstarch slurry obtained from a com-wetmil ling plant was diluted to 35% 
dry solids with deionized water, and 30 ppm calcium ion was added as CaCL,. 
Ascorbate ion was added as sodium ascorbate to the starch slurry to provide 
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axcaia! ^ of 2.S, 10 -* 30 -HI*-- «* "* aSCT * ate *" 
^^^^tto, t**e .tar* slurry «era praparrf and t*e pH a****! to 
3^5.9. 5.5 cr 5.1 vitn 2.5* w Alpha auylasa produced by * strain of 
UdMl^ arf a-ilabla o-aroially aa aA-20 fx- 

.tar* dry basis. ^ p3 ^ readjust* to tba dasirad pH (5.9, 5.5 or 5.1, 
- »2 J »»««»a. a control sl^vasprspsrad at aachpH«ita* 
addition of ascarbate ion. 

3fae starch. Slurries^ vfiiich were maintained in suspension by oveadjead 

were intrcd^ into a steam j*^ 
inEX an P le2. Ohe jet temperature was held at 10 5-107-C ^ cx»ntrolli^ the 
to flow ar^raintai^ ba^pressurB at 4 psig. Sanples of cooked 
starch were transferred from the jet cooker to a 95'C second stage 
liguafacticn bath and held for 90 minutes. 

^degree of starch ai^^ « ^ ^ — 
stage as described in Ifcample 2. The following Kble illustrates the effect 
of ascorbate ion on development of DE. As the pH of the starch slurry 
deceased from 5.9 to 5.1 the effect of ascorbate ion 1^ of the liguef ied 
starch, increased. 
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EFFECT OF ASOdREftTE ON STARCH UQQEFACFICN 

AST pH 5.9, 5.5 OR 5.1 

Asoorfaate level (Trim nH DE PatJ Starch 

0 5.9 10.3 

2.5 5.9 10.6 

10 5.9 11.5 

30 5.9 12.1 



0 


5.5 


6.2 


+ 


2.5 


5.5 


7.8 


+ 


10 


5.5 


9.4 




30 


5.5 


11.9 




0 


5.1 


<0.1 


+ 


2.5 


5.1 


0.3 


+ 


10 


5.1 


5.7 


+ 


30 


5.1 


8.6 


+ 



EXAMPLE 12 

Effect Of Bisulfite On DE Of Starch Liquefied By Alpha Amylase 
FlOTI Karri Tina steazothftTTTinphiliJS At pH 5.0 

nttrig example demonstrates the effect on DE when liquefying cornstarch with 

a -amylase from Bacillus stearotherra^hdlus in the presence of bisulfite ion 

at lower than conventional pH. 

A cornstarch slurry obtained from a corn-wetmilling plant was diluted to 35% 
dry solids with deianized water, and 30 ppm calcium ion was added as CaClj- 
Bisulf ite ion was added to the starch slurry as Na^C^ to provide a 
conoentration of 40 inillimolar. The pH of the slurry was adjusted to about 
pH 5,0 with 2.5% NaCH. Alpha anrylase produced by a strain Bacillus 
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Bio-Systems, «. - adnata dosage of 12 li^cns/gram starch dry 
^ Bae pH was readjusted to 5.0 with 2-5% NaCH or 6% HC1. A control 
siurry was prepared without addition of bisulfite . 

starch series, which were maintained in suspension by overhead 
stirrin3 ,„ere introduced into a steam jet at about 360 ml^ as described 

m-tf-a. «- 3* ^ ^ - ^ * 105 " 107 ' C * cant " thB 

^flcand maintaining bade pressure at 4 psig. Sables of coefced 
^ .ere transferred from the jet cooXer to a 95'C secx^ stage 
liquefaction bath and held for 90 minutes . 

•Ujs degree of starch liquefaction was measured immediately affceif the second 
stage as describe* in sample 2. One following Ofcble illustrates the effect 
of bisulfite on development of DE. Bisulfite acts to improve the EE 
development on starch liquefied with « -amylase from Bacillus 
gtaaroB^^^ as well as « -a^lase frm Bacilli lichenjfgrrnis. 

™ct qp hboteteb cn smscB iaotKEacaaoirM ps 5.o using 

EEEECT ,-1SSsE IKMteciUus rtP^hPTinophilus 
Bisulfite level paw starch 

+ 



0 2.6 
40 20 ' 1 
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What Is claimed is: 

1. A method of liquefying a starch slurry having a pH from about 4 to 
about 6 comprising: 

a) ad din g at least about 8 liquefon units of alpha amylase per gram 
of starch to the slurry; 

b) adding an effective amount of an antioxidant suitable to promote 
liquefaction to the slurry; and 

c) reacting the slurry far the appropriate time and temperature to 
liquefy the starch. 

2. A method according to Claim 1 wherein the pH of the slurry is about 
4.5 to about 5.2. 

3. A method according to Claim 1 wherein the antioxidant is added at a 
. concentration of at least 5 mM. 

4. A method according to Claim 1 wherein the antioxidant is added at a 
concentration of at least 20 ntM. 

5. A method according to Claim 1 wherein the reaction is run until the 
Dextrose Equivalent is at least about 10. 

6. A method according to Claim 1 wherein the antioxidant is selected from 
the group consisting of bisulfite, ascorbate, butylated hydrcxytoluene 
or 3 / 3 , - j thiodiprqpianic acid. 

7. A method according to Claim 1 wherein the slurry is reacted in step 
(c) at a temperature frcm about 100 °C to about 105 C C for an initial 
period and then the slurry is held at a tenperature from about 90°C to 
"about 100 Q C for a length of time sufficient to liquefy the starch. 

8. A method according to Claim 6 wherein the antioxidant is ascorbate. 

9. A method according to Claim 8 wherein the ascorbate is added in an 
amount at least about 40 millimolar. 

10. A method according to Claim 6 wherein the antioxidant is butylated 
hydroxytoluene. 



WO 93/09244 PCIYUS92/09053 

11. A method according to Claim 10 wherein the butylated hydroxytoluene is 
added in an amount at least about 20 millimolar. 

12. A method according to Claim 6 vfoerein the antioxidant is 3,3'- 
thiaaiprqpionic acid, 

13. a method according to Claim 12 \foerein the 3,3' -thicxii^rqpianic acid 
is added in an amsunt at least about 40 millimolar. 

14. A method according to Claim 6 wherein the antioxidant is bisulfite. 

15. A method according to Claim 14 wherein the bisulfite is added in an 
amount at least about 30 millimolar. 

16. A method according to Claim 1 wherein the alpha-anylase is selected 
from the group consisting of alpha-amylase enzymes derived fraa 
Bacillus licheniformis , B^. sybtilis and ^ st^^ermophi^us . 
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